Abstract. The present study aimed to investigate the expression patterns of prothymosin-α (PTMA) and parathymosin (PTMS) in patients with squamous cell carcinoma (SCC), adenosquamous cell carcinoma (ASC) and adenocarcinoma (AC) of the gallbladder, and to assess their association with the clinicopathological characteristics and prognosis of the patients. A retrospective analysis of data pertaining to patients with SCC/ASC (n=46) and AC (n=80) of the gallbladder, who were treated with surgical resection, was conducted. Kaplan-Meier survival analysis was also performed to assess the correlation of the expression pattern with survival. The results revealed a higher percentage of patients with a large tumor diameter (>3 cm) in the SCC/ASC group as compared with those in the AC group (P<0.05). No significant differences were observed between patients with SCC/ASC and those with AC with respect to the patient sex, presence of gallstones, TNM stage, lymph node metastasis, invasive growth into anatomically contiguous structures, surgical methods used, survival rate, and the expression levels of PTMA and PTMA (P>0.05). However, positive expression of PTMA and PTMA was associated with tumor size, TNM stage, lymph node metastasis, locally invasive growth, and treatment with radical resection in patients with SCC/ASC and AC (P<0.05). In addition, positive expression of PTMA and PTMA was observed in a significantly lower number of patients with advanced AC as compared with those in early AC (P<0.05), while these expression levels were also associated with shorter survival in the SCC/ASC group and AC group (P<0.05). Cox multivariate analysis also demonstrated a negative correlation between PTMA and PTMA levels, and the postoperative survival rate in the two groups. In conclusion, the present study indicated that the expression levels of PTMA and PTMA were closely associated with the tumorigenesis and progression of SCC, ASC and AC of the gallbladder. Positive expression of PTMA and PTMA may serve as a valuable prognostic factor in these patients.
Introduction
Gallbladder carcinoma (GBC) is a relatively rare, yet highly lethal neoplasm of the digestive tract. The most common histotype of GBC is adenocarcinoma (AC), while squamous cell carcinoma (SCC) and adenosquamous cell carcinoma (ASC) are relatively rare entities, accounting for 1.4-10.6% of all GBC cases (1) . The biological and clinicopathological characteristics of SCC and ASC of the gallbladder are not well-characterized owing to their low incidence. Squamous metaplasia of the gallbladder mucosa or of the pluripotent basal cells in the gallbladder mucus membrane in response to chronic inflammation caused by gallstones has been suggested as the initial event in tumorigenesis (2) (3) (4) . In addition, another study observed that SCC and ASC of the gallbladder may result from the exposure to certain carcinogens, including cholanthrene and methylanthracene (5) . In addition, the histomorphology and biological characteristics of SCC and ASC differ from those of AC, in that the former two types of cancer exhibit a greater proliferation capacity and aggressive invasion of anatomically contiguous structures, while demonstrating a lower propensity for distant metastasis and involvement of regional lymph nodes (6) . Notably, there are no detectable symptoms in the early stages of SCC and ASC of the gallbladder, with the exception of right upper abdominal pain and discomfort (7) . The clinical outcomes of surgical resection in patients with advanced SCC or ASC of the gallbladder are typically poor (8) . Therefore, early diagnosis and radical surgery may significantly improve the prognosis of these patients.
Prothymosin-α (PTMA), a member of the α-thymosin family, is a transcription factor that consists of 110 highly-conserved acidic amino acids in mammalian cells (9) . Previous studies have indicated that PTMA may be associated with cell proliferation, apoptosis and the regulation of cell cycle progression in tumor cells (10, 11) . In addition, abnormal expression of PTMA has been reported in several malignant tumors, including gastric, colorectal and thyroid cancer, and upper urinary tract transitional cell carcinoma (12) (13) (14) (15) . Similarly, parathymosin (PTMS) is another homologue of PTMA (16, 17) , which was first isolated from the mouse thymus in 1985 (18) and was found to promote cell proliferation by downregulating the level of glucocorticoids (19) . PTMA has been demonstrated to be associated with RNA synthesis and processing, while PTMS is involved in early DNA replication (20) . Furthermore, the expression levels of PTMA and PTMS were reported to be closely correlated with malignant growth, metastasis and prognosis in the context of several tumors (19) . Thus, it is hypothesized that high expression levels of PTMA and PTMS may be useful as potential prognostic biomarkers in patients with SCC and ASC of the gallbladder.
PTMA and PTMS are known to be involved in DNA transcription and replication, respectively. Previous studies have indicated the positive expression levels of PTMA/PTMS in gastric adenocarcinoma (14) , colorectal cancer (15) , and human upper urinary tract transitional cell carcinoma (12) , and their expression levels have been demonstrated to be associated with tumor migration, tumor malignancy, and prognosis. However, the expression levels of PTMA/PTMS were still unknown in gallbaladder carcinoma. In this present study, the association between PTMA/PTMS expression and the prognosis in SCC/ASC and AC of the gallbladder was investigated.
Materials and methods
Patients. In the present study, patients with SCC and ASC were treated as a single experimental group since SCC and ASC are the minor types of GBC. A total of 46 patients with SCC or ASC of the gallbladder who were hospitalized between January 1995 and December 2009 were included into the present study. These 46 cases accounted for 4.34% of the total of 1,060 patients with GBC admitted to the Second Xiangya Hospital of Central South University (16/370; Changsha, China), the Xiangya Hospital of Central South University (14/325; Changsha, China), the Third Xiangya Hospital of Central South University (5/110; Changsha, China), the Hunan Provincial People's Hospital, The First Affiliated Hospital of Hunan Normal University (5/105; Changsha, China), The Hunan Cancer Hospital, The Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University (4/100; Changsha, China), the Central Hospital of Changde (1/50; Changde, China) and the Central Hospital of Loudi (1/50; Loudi, China). The inclusion criterion was patients pathologically diagnosed with ACC, ASC, and SCC, whereas the exclusion criterion was patients pathologically diagnosed with neither GBC nor other types of ACC/ASC/SCC (21) . All of the tumor samples were obtained by intraopherative biopsy, and none of the patients received any other treatment.
In addition, the pathological specimens of 80 patients with AC of the gallbladder, who received surgical treatment at the Second Xiangya Hospital of Central South University and the Central Hospital of Loudi between January 2000 and December 2009, were included in the present study. The clinical features of the selected patient samples, including the age, sex, histopathological subtype, TNM stage, lymph node invasion, distant metastasis, resection methods, tumor stages and survival rates, in the SCC/ASC and AC groups were embedded in paraffin and pathologically analyzed (Table I) (22, 23) . The present retrospective study was approved by the Medical Ethics Committee of Second Xiangya Hospital of Central South University. All the patients signed a written informed consent form prior to participation.
Immunohistochemical analysis. Immunohistochemical examination to determine the PTMA and PTMS expression levels was performed with the standard protocol recommended for the EnVision™ Detection kit (Dako; Agilent Technologies, Inc., Glostrup, Denmark). Briefly, fresh pathological specimens were fixed in formalin, embedded in paraffin and sectioned at 3 µm thick. Next, the sections were incubated with anti-PTMA or anti-PTMA polyclonal antibody (1:200; ALS12216 and AT3490a; both purchased from Abgent, Inc., San Diego, CA, USA) for 2 hrs at 37˚C, followed by visualization with DAB. Subsequent to dehydration and mounting of the specimens, the areas stained with PTMA or PTMA (appearing as brown spots) were reviewed and scored under a light microscope. The proportion of positively stained cells was counted at x400 magnification. Specimens with >25% of positive cells were regarded as positive cases, whereas those with <25% positive cells were regarded as negative cases. 
Cases, n Positive, n (%) PTMA, prothymosin-α; PTMS, parathymosin; SCC, squamous cell carcinoma; ASC, adenosquamous carcinoma; AC, adenocarcinoma.
underwent curative resection and 28 underwent non-curative resection, while surgical resection was not performed in 26 patients. Patients were closely followed-up in the first 2 years after surgery. The mean overall survival in the SCC/ASC group was 10.07±0.78 months, while the <1-year and >1-year overall survival rates were 71.7 and 28.3%, respectively. Similarly, the mean overall survival in the AC group was 10.34±0.63 months, with a <1-year and >1-year overall survival rate in this group being 71.2 and 28.8%, respectively. No obvious difference was observed between lymph node invasion and survival period, however, a significant difference was identified in age, tumor differentiation, tumor diameter, TNM stage, and PTMA/PTMS expression between the SCC/ASC and AC groups (Table I) .
Expression characteristics of PTMA and PTMS in SCC/ASC and AC groups. The expression levels of PTMA and PTMS were initially assessed in the SCC/ASC and AC groups. Upon immunohistochemical examination, the expression of PTMA and PTMS was observed to be localized in the cytoplasm and nucleus (Fig. 1) . Positive expression of PTMA and PTMS in the SCC/ASC group was detected in 47.8% (22/46) and 47.8% (22/46) of patients, respectively. In the AC group, positive PTMA and PTMS expression was observed in 58.8% (47/80) and 57.5% (46/80) of patients, respectively (Table I) . The between-group differences in this respect were not statistically significant (P>0.05).
Correlation of PTMA and PTMS expression levels with the clinicopathological characteristics. In the SCC/ASC group, positive expression of PTMA and PTMS was observed in a significantly reduced number of patients with smaller tumors (size, ≤3 cm), TNM stage I/II tumors, tumors not associated with lymph node invasion or distance metastasis, and tumors treated with curative resection (P<0.05 for all; Table II) . A similar association of the PTMA and PTMS expression profiles with the aforementioned characteristics was observed in the AC group, while the tumor differentiation degree was also correlated with PTMA and PTMS in this group (Table III) . Notably, no significant correlation of positively expressed PTMA and PTMS was observed with other clinicopathological characteristics, including the patient age, sex, pathologic subtype and presence of gallstones in the two groups (P>0.05; Tables II and III). These findings suggest that positive expression of PTMA and PTMS in tumor tissues may be associated with tumor metastasis and malignancy in patients with SCC, ASC and AC of the gallbladder. Table III . Correlation of prothymosin-α and parathymosin positive expression with the clinicopathological characteristics of patients with adenocarcinoma of the gallbladder. Tables IV-VII) . Furthermore, in the SCC/ASC and AC groups, the survival of patients with positive expression of PTMA and PTMS was significantly shorter compared with that of patients with negative expression of PTMA and PTMS (Fig. 2) . Furthermore, patients who underwent curative resection survived longer in comparison with those who underwent non-curative resection in the SCC/ASC and AC groups, which suggests that curative resection efficiently improved the prognosis of patients (P<0.05 for all; Tables IV-VII) . Taken together, the aforementioned results indicated that the clinicopathological characteristics of patients, including tumor differentiation, tumor diameter, TNM stage, lymph Table V . Cox multivariate analysis of survival rate of patients with SCC and ASC of the gallbladder. node invasion, invasion of adjacent organs and resection treatment, as well as positive expression of PTMA and PTMS, were closely associated with the postoperative survival. These findings suggest the diagnostic and prognostic relevance of PTMA and PTMS expression in the management of patients with GBC.
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Discussion
GBC is a relatively rare tumor of the digestive system, with AC of the gallbladder accounting for >85% of all gallbladder tumors. The majority of cases with AC of the gallbladder involve highly or moderately differentiated tumors. However, as rare histotypes of GBC, the clinicopathological features of SCC and ASC are not well-characterized. Histologically, SCC and ASC of the gallbladder have a squamous cell component that differs from that observed in AC. Furthermore, SCC/ASC and AC of the gallbladder exhibit certain differences with respect to their clinical characteristics. SCC and ASC of the gallbladder present a greater proliferation capacity (4), which suggests that patients with SCC or ASC may have poorer prognosis in comparison with those with AC. Therefore, the present study attempted to compare patients with these different histopathological subtypes to assess the correlation between their clinicopathological characteristics and the PTMA/PTMS expression in SC/ASC and AC of the gallbladder. In the present study, patients with SCC/ASC of the gallbladder accounted for 4.34% (46/1,060) of the total patients with carcinoma of the gallbladder treated at the participating hospitals, which is consistent with the incidence reported in earlier studies (2, 6, 20) . Similar to the clinical presentation of AC, patients with early-stage SCC and ASC presented with no specific symptoms other than those typically associated with chronic cholecystitis, due to which the majority of patients were not diagnosed at an early stage. Clinical signs and symptoms, such as persistent abdominal pain, palpable mass and jaundice, typically occur in the advanced stages of the disease (5) . The population of the present study mainly included patients with advanced stages of SCC, ASC and AC. Several previous studies have described that SCC and ASC of the gallbladder with a squamous cell component exhibit a greater proliferation capability, lower propensity for metastasis, greater tendency for involvement of adjacent organs, and worse overall prognosis, as compared with that associated with AC of the gallbladder (2) (3) (4) (5) (6) . In the present study, no significant difference was observed with respect to the incidence of lymph node metastasis, and invasion of the surrounding tissues and organs between the SCC/ASC and AC groups. However, the number of patients having tumors with a size of >3 cm in the SCC/ASC group was markedly higher compared with that in the AC group.
The present study also identified that the patients with advanced stages in the SCC/ASC and AC groups had an extremely poor prognosis, as all patients with TNM stages III/IV succumbed to the disease within 25-27 months. Patients with TNM stage I/II tumors had a markedly higher survival rate, which underlines the importance of early diagnosis in these patients (Tables IV and VI) . Furthermore, the average postoperative survival was comparable in the SCC/ASC and AC patients, which suggested that all these histotypes were associated with a poor prognosis ( Table I) . The percentage of patients who underwent curative resection was not significantly difference between the two study groups. However, the survival rate of patients who underwent curative resection group was significantly increased as compared with that of patients who underwent non-curative resection or did not undergo resection in the SCC/ASC and AC groups (Tables IV-VII) . This indicates that curative resection may improve the prognosis of patients with SCC, ASC and AC of the gallbladder.
PTMA and PTMS, which were originally obtained by bovine thymus extraction, are members of the α-thymosin family (24) . Previous studies have demonstrated that PTMA and PTMS activate the immune response to curb the viral infection in patients with human immunodeficiency virus, hepatitis B virus or hepatitis C virus (25, 26) . Elevated expression levels of PTMA and PTMS have been reported in numerous human malignant tumor tissues (12, 14, 15) . However, the correlation between the expression levels of PTMA and PTMS in SCC, ASC and AC of the gallbladder have not been addressed in previous studies. In the present study, the percentage of patients with positive expression of PTMA and PTMS was not significantly between the SCC/ASC and AC of the gallbladder groups (Tables II and III ). In addition, it was observed that positive expression of PTMA and PTMS was not associated with the differentiation of SCC/ASC or AC of the gallbladder (Tables II and III ). In the SCC/ASC and AC groups, negative expression of PTMA and PTMS was detected in a significantly reduced number of patients with highly-differentiated tumors, maximal tumor diameter of ≤3 cm, TNM stage I/II tumors, lack of lymph node metastasis, absence of invasion into the surrounding tissues and organs, and in patients who underwent radical resection. Similarly, positive expression of PTMA and PTMS was reported in an increased number of patients with a maximal tumor diameter of >3 cm, TNM stage III/IV disease, lymph node metastasis and invasion into the surrounding tissues and organs, as well as patients who did not undergo resection (Tables II and III) .
The present study further demonstrated that the degree of tumor differentiation, maximal tumor diameter, TNM stage, lymph node metastasis, invasion of the surrounding tissues and history of surgical resection were closely associated with the Table VII . Cox multivariate analysis of survival rate for patients with adenocarcinoma of the gallbladder. average survival of patients with SCC/ASC (Table IV) and AC (Table VI) of the gallbladder. In addition, the survival of patients with a positive expression of PTMA and PTMS was significantly shorter when compared with that of patients with negative expression of PTMA and PTMS (Fig. 2) . Cox multivariate analysis also revealed that poor differentiation, a maximal tumor diameter of ≥3 cm, TNM stages III or IV disease, occurrence of lymph node metastasis, invasion of the surrounding tissues and organs, and non-resection were negatively correlated with the postoperative survival of patients with SCC/ASC and AC of the gallbladder (Tables V and VII) . These findings indicate that PTMA and PTMS expression levels may be independent prognostic predictors. Furthermore, the results suggest that PTMA and PTMS may serve an important role in the occurrence, progression, biological behavior and prognosis of gallbladder SCC, ASC and AC, which is consistent with the observations of previous studies on PTMA and PTMS expression in other malignant tumors (19, 20) . The present study also identified that positive expression of PTMA and PTMS in patients with SCC/ASC and AC of the gallbladder (Tables II and III) was associated with rapid progression, and these patients were prone to regional lymph node metastasis with strong invasiveness. Therefore, it is suggested that these two factors may be important biological markers for early diagnosis of GBC. However, the molecular mechanism underlying the effects of PTMA and PTMS in GBC requires further exploration.
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In conclusion, PTMA and PTMS are two important biological markers that reflect tumorigenesis, tumor progression, clinical biological behavior, and the prognosis of patients with SCC, ASC and AC of the gallbladder. It was identified that the positive expression of PTMA/PTMS may be associated with poor prognosis in both SCC/ASC and AC of the gallbladder. Therefore, the detection of the expression levels of PTMA and/or PTMS in gallbladder tissues may have important clinicopathological significance in the prevention and early diagnosis of GBC.
